Total protein, lipid and carbohydrate variations for the whole embryonic development were measured every 48 hours in samples of eggs of Macrobrachium occidentale (Holthuis), 1950, a small freshwater caridean. Proteins are the main component followed by lipids and carbohydrate only as minor constituent. Most required energy seems to come from metabolism of fat, which was profusely depleted during the whole of development while proteins seem to be mostly utilized for tissue formation. Details of morphological changes of every developmental step are also presented and a comparison of present results with works of other prawn eggs is discussed.
INTRODUCTION

Macrorachium occidentale
is a small freshwater caridean from the west coast of Middle America (Villalobos-Hiriart et al., 2010) . Caridean females keep yolky eggs attached to their pleopods while they take care of them. This species could serve as prey for larger crustaceans, fish, and aquatic birds that depend on shallow river waters for feeding, giving this species ecological importance. Besides certain ecological studies, most aspects of the biology of this species remain unknown; egg development and morphological studies are among the unknown issues.
Proximal composition is defined as the initial sum of total protein, lipid, and carbohydrates in a particular sample, and its change in the egg through development has a close relation with morphological changes. Information could provide clues to the nutritional requirements of the species (Garcia-Guerrero, 2009 . Usually, these kind of studies are executed only with aquaculture or fisheriesrelated species (Holland, 1978; Clarke, 1992; Chu and Ovsianico-Koulikovsky, 1994; Biesiot and Perry, 1995; Roustaian and Kamarudin, 2001; Rosa et al., 2003) . In addition, there are a number of studies that describe only the morphological changes of eggs along development (Garcia Guerrero et al., 2003; Müller et al., 2003 Müller et al., , 2004 Müller et al., , 2007 Garcia Guerrero and Hendrickx, 2009 ). However, the tracking of proximal conditions and morphological changes together and a comparison between such changes are not common in crustacean studies. The combination of such information * Corresponding author; e-mail: mgarciagu@ipn.mx in the same work may lead to a better understanding of its embryology.
MATERIALS AND METHODS
A batch of adult M. occidentale were caught in a river of Oaxaca, Mexico that flows in a semitropical valley with an average water temperature of 24.3°C. Live prawns were transported in plastic coolers to laboratory facilities. There, eleven berried females carrying recent eggs and weighing from 6.5 to 10.3 g were selected and separated. The eggs were verified as recent with a stereoscopic magnifier. Then, females were individually placed in permanently aerated plastic containers (40 L) with filtered tap freshwater maintained at 27 ± 0.5°C. Plastic tubes (PVC pipes; 15 cm, diameter, 15 cm length) were provided as shelter and a pieces of floating net were placed as shade.
Every female was considered a replicate. They were fed every other day with Purina ® commercial shrimp pellet (35% crude protein, 8% lipid). The first sample, which corresponded to new eggs, was taken just before the females were placed in the tank. Thereafter, samples of approximately 40 eggs from each female were taken every 48 hours until hatching. From those, 25 eggs were utilized for proximal analysis and 15 for moisture content calculation. A sample of a particular female taken at a particular day was considered a replica for that day and analyzed for all tests. At the same time, five additional eggs were separated from every sample for morphological in vivo features observation. Mor-phological changes were described by the staging method (Garcia Guerrero and Hendrickx, 2009) .
For proximal analysis, the eggs were homogenized first in a saline solution (1.2% NaCl). To quantify proteins, the homogenate was digested with 0.5 N NaOH. The concentration was determined by the Bradford (1976) method for soluble proteins using albumin as standard and absorbance was read at 595 nm with a Beckman Coulter DU Series 700 spectrophotometer. For carbohydrates, proteins were precipitated first with 20% trichloroacetic acid and centrifuged at 1200 rcf during 10 minutes. Then carbohydrates were quantified with Anthrone ( van Handel, 1965 ; glucose as standard and absorbance at 620 nm with the same equipment). For total lipids, the Barnes and Blackstock (1973) method was applied. An aliquot of the homogenate was mixed with pure H 2 SO 4 and incubated at 80°C during 10 min. Fosfovanillin was mixed with this sample (absorbance 560 nm; Stat Fax ® 2100 reader; mixture of TAGS and cholesterol as standard). Moist and dry weight were determined by keeping samples at 70°C for 48 hours after weighing fresh eggs. For energy consumption calculations, the conversion factors suggested by Beninger (1984) were applied: 4.1 cal/mg −1 (17.2 joules/mg −1 ) for carbohydrates, 4.3 cal/mg −1 (17.9 joules/mg −1 ) for proteins and 7.9 cal/mg −1 (33.0 joules/mg −1 ) for lipids.
Statistical Analysis of Data
Media of every component amount were calculated from the results of replicas. A replica was defined as a sample of 25 eggs taken to one female. In this way, standard deviations for each show the variability between different females. Significant differences of variations in protein, lipid, and carbohydrate content through time were detected using repeated-measures ANOVA followed by the Tukey mean separation test (van Emden, 2008) . The F-value, which is the measurement of distance between individual distributions, was considered as mean square of X / mean square of error (Van Emdem, 2008) . Eggs used for morphological analysis were observed in vivo with a stereoscopic magnifier at 10× by watching the appearance of new embryonic structures or changes in those already present (Garcia Guerrero and Hendrickx, 2009 ).
RESULTS
The whole embryonic development lasted an average of 15 days at the experimental temperature with hatching at day 16. The main morphological changes occurring during development are summarized in Table 1 and illustrated in Figure 1 . Morphological differences between eggs from different females were not detected. Protein, lipid, and carbohydrate variations (μg) in eggs at different days of embryo development as well as statistical differences among those days (ANOVA p 0.05) are presented in Table 2 . Proteins were the most abundant, followed by lipids and carbohydrates only in minor amounts. Lipids were the most depleted; proteins seem to have a moderate depletion while carbohydrates varied inconsistently. Statistical differences in proteins occur mostly at day 3, 9 and 13, and for lipids at day 7 and 11 (Table 2) . Dry matter and moist variations depending on developmental day are also shown in Table 2 . Depletion in calories of total energy per egg through time as well as energy depletion in calories coming from proteins or lipids are presented in Figure 2 .
DISCUSSION
Morphological embryonic changes of present species are typical of Macrobrachium as previously documented (Muller et al., 2003 (Muller et al., , 2004 (Muller et al., , 2007 Garcia-Guerrero and Hendrickx, 2009) . From our results, it is possible to contrast proximal and morphological development for a particular day and this may help to understand critical moments in terms of nutrient use. We observed that protein and lipid depletions (Tables 1  and 2 ) are closely related to organ and structure formation as well as growth. Proximal changes may depend on embryonic requirements for the formation of new structures, growth, respiration, heart function, and metabolism, and it suggests that these requirements determine the way resources are depleted. Despite the fact that metabolic activity due to growth and respiration is continuous within the eggs, significant differences in depletion rates for particular days must be due to Caudal papilla well defined and folded forward (a), buds larger (b). 9
Mouth parts in development. Eye lobes (a) starting development as well as cephalic appendages (b). The heart is beating. 11
All appendages overlapping and larger. Caudal papilla covered by pereiopods and reaching the head (a). Telson present as rudiment (b). 13
Considerable increase in size and yolk depletion. Eyes face forward, larger and darker, particularly at the edge (a). All cephalothoracic appendages larger, segmented and bearing chelae (b). 15
Chromatophores distinguishable. Whole embryo appendixes larger and compressed outward the head and in the front (a). Heart beats continuously and regularly. Small yolk storage is in the back (b). Table 1. particular events. From the tables, one can observe that statistically significant differences in proteins occur at day 3 (intensive cell formation corresponding to gastrulation; Anderson, 1982) , day 9 (the start of heart beating), and day 13 (considerable growth). In the case of lipids, intense depletion is reflected in the statistical differences noted at day 7; these probably should be related to heart formation because at this time the embryo has attained considerable size and metabolic demands, and by day 11 the embryo is almost formed and it is growing intensively. Although protein is the main component of aquatic invertebrate eggs, lipids play a central role in embryonic metabolism because they constitute the most important source of energy (Holland, 1978) . Lipids provide, because of high energy content, most of the energy needed for embryo metabolism and developmental requirements ( Fig. 2 ; Table 2b ). Most previous works recorded similar findings (Roustaian and Kamarudin, 2001; García-Guerrero et al., 2003a, b; Yao et al., 2006; GarciaGuerrero, 2009 ). In addition to the phospholipids utilized to build tissue, we suggest that some of the non-fuel lipids are still present as yolk at hatching, and these could be utilized as fuel by the first zoea; the first larvae of Macrobrachium is lecitotrophic (Yao et al., 2006; Garcia-Guerrero, 2009 ). Our results suggest that proteins were also used as fuel, but mostly during the first week. However, protein decrease is low in M. occidentale; concentrations did not drop quickly as happens with both M. rosenbergii (De Man, 1879) (Yao et al., 2006 ), and M. americanum Spence Bate, 1868 (GarciaGuerrero, 2009 ). Despite proteins not providing the main fuel source, their use to provide energy in aquatic eggs is nevertheless common (Holland, 1978) . This may happen with the combination of a high energy demands for intense growth (Petersen and Anger, 1997) .
Proximal variations seen in M. occidentale are similar to those presented by Yao et al. (2006) or Garcia Guerrero (2009) for other species of Macrobrachium and even other aquatic invertebrates (Clarke et al., 1990; Whyte et al., 1990) . In aquatic crustaceans, the knowledge of proximal egg composition could be a tool to understand the specific energy budget and nutritional requirements (Garcia Guerrero et al., 2003; Garcia-Guerrero, 2009 ). We recognize that this composition is determined by factors such as female feeding, physiological status, and genetic or individual differences (Holland, 1978; Clarke et al., 1990) . Carbohydrates are not an energy source in crustacean eggs (Clarke, 1992; Biesiot and Perry, 1995; Roustaian and Kamarudin, 2001) but are essential for tasks such as the synthesis of specific compounds (chitin) intensively synthesized at late embryogenesis (Holland, 1978) . As proteins and lipids are depleted, noticeable water intake takes place. This must be due to intensive tissue production late in development (days 13 from 15; Pandian, 1970; Figs. 1, 2) . This is in addition to water intake necessary for hatching purposes at the end of the developmental events (Pandian, 1970; García-Guerrero, 2009 ).
Our study shows that the proximal composition of the eggs of M. occidentale and its consumption during development is similar to that seen in other aquatic crustaceans and almost the same as in congeneric species such as M. rosenbergii and M. americanum. Future research should focus on quantifying specific fatty acid or amino acid requirements through embryonic stages.
